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TITLE OF THE INVENTION 

TARGET, METHOD FOR ITS PRODUCTION, AND METHOD FOR PRODUCING A 

HIGH REFRACTIVE INDEX FILM 

ABSTRACT 

Construction: An oxide sintered compact sputtering target containing TiO x (1<X<2) as 
a main component, which has a resistivity of at most 10 Clan at room temperature and an 
oxygen content of at least 35 wt%, a method for its production, and a method for producing 
a high refractive index film employing the target. 

Effects: By employing the target of the present invention, a film having a high refractive 

index can be produced constantly at a high speed. 

CLAIMS: 

X. A method for producing an oxide sintered compact containing TiO x (X <X<2) as its 
main component, characterized by hot pressing a titanium dioxide powder in a non- 
oxidizing atmosphere for sintering. 

2. An oxide sintered compact sputtering target containing TiO x as a main component, 
characterized in that the resistivity at room temperature is at most 10 Gem, X is within a 
range of 1<X<2, and the oxygen content is at least 35 wt%. 

3. The oxide sintered compact sputtering target according to Claim 2, characterized in 
that it contains less than 50 wt% of a metal oxide other than TiOx. 



4. The oxide sintered compact sputtering target according to Claim 3, characterized in 
that the above metal oxide is at least one oxide selected from the group consisting of 
chromium, cerium, zirconium, yttrium, niobium, tantalum, silicon, aluminum and boron. 

5. A method for forming a high refractive index film by a sputtering process employing an 
oxide sintered compact sputtering target containing TiO x (1<X < 2) as a main 
component, characterized in that said target has a resistivity of at most 10 Qcm at room 
temperature and an oxygen content of at least 35 wt%. 

6. The method for forming a high refractive index film according to Claim 5, characterized 
in that the above target contains less than 50 wt% of a metal oxide other than TiO x . 

7. The method for forming a high refractive index film according to Claim 6, characterized 
in that the above metal oxide is at least one oxide selected from the group consisting of 
chromium, cerium, zirconium, yttrium, niobium, tantalum, silicon, aluminum and boron. 
TraTATT,F.T) DESCRIPTION OF THE INVENTION 

FIELD OF INDUSTRIAL APPLICATION 

The present invention relates to a target material to be used when an 
oxide transparent thin film having a high refractive index is to be formed by a sputtering 
process, a method for its production, and a method for forming a high refractive index film 
by using such a target material. 
PRIOR ART 

Optical applications of oxide thin films started from single layered heat 
reflecting glass and anti-reflective films and have extended to many fields including, for 
example, anti-reflective coatings, reflection-increasing coatings, interference filters and 
polarizing films, of a multilayer film type designed to be excellent in the spectral 
characteristics so that lights of certain specific wavelengths are selectively reflected or 
transmitted. Further, a study is being made on a multilayer film having a function such 
as an antistatic heat-reflecting or electromagnetic wavecutting function imparted by 
inserting films having various functions such as electrical conductivity or heat reflection, 



9tich as transparent conductive films, metals or conductive ceramics, as parts of the 
multilayer films. 

The spectral characteristics of a multilayer film are optically designed by 
using refractive indices and thicknesses of the respective layers as parameters, and it is 
common to employ a high refractive index film and a low refractive index film in 
combination. To realize excellent optical characteristics, the larger the difference 
between the refractive index of the high refractive index film and the refractive index of 
the low refractive index film, the better. As the high refractive index film, titanium 
dioxide (n=2.4), cerium dioxide (n=2.3), niobium trioxide (n=2.1) or tantalum pentoxide 
(n=2.1) is, for example, known. As the low refractive index film, silicon dioxide (n= 1.46) 
or magnesium fluoride (n= 1.38) is, for example, known. These films can be formed, for 
example, by a vacuum vapor deposition method or a coating method. However, by such 
film forming methods, it is difficult to form a uniform film over a substrate having a large 
surface area, and a sputtering process is used in many cases where a substrate with a 
large surface area is required, such as glass for building, glass for automobiles, CRT or a 
flat display panel. Among sputtering processes, a DC sputtering process employing direct 
current discharge is most preferred for forming a film with a large area. 

For a high refractive index film, titanium dioxide is widely used which 
has a high refractive index and of which the material cost is relatively inexpensive. 
However, when it is formed into a film by a DC sputtering process, it is common to employ 
so-called reactive sputtering wherein a metal Ti target having electrical conductivity is 
sputtered in an atmosphere containing oxygen. However, by this method, the film- 
forming rate for a titanium dioxide thin film is very slow, whereby the productivity is 
poor, and the cost is high, which have been a serious problem in the production. 
PROM.ttM T O BE SOLVED BY THE PRESENT INVENTION 

The object of the present invention is to overcome the conventional 
drawback that when a thin film having a high refractive index containing titanium 



dioxide as a main component, is to be formed by a DC sputtering process, the film-forming 
rate is very slow, and the productivity is very poor. 
MEANS TO SOLVE THE PROBLEM 

The present invention has been made to solve the above mentioned 
problem and provides an oxide sintered compact sputtering target containing TiO x as a 
main component, characterized in that the resistivity is at most 10 ftcm at room 
temperature, X is within a range of 1< X < 2, and the oxygen content is at least 35 wt%, 

and a method for its production. 

The present invention also provides a method for forming a high 
refractive index 61m by a sputtering process employing the oxide sintered compact 
sputtering target containing TiO x (1<X<2) as a main component, characterized in that 
said target has a resistivity of at most 10 Qcm at room temperature and an oxygen 

content of at least 35 wt%. 

If sputtering is carried out by means of the target of the present invention 
in an argon atmosphere or in a mixed atmosphere of argon and oxygen under vacuum at a 
level of from 1 X 1<H to 1 X 10" 2 Torr, a uniform transparent film can be formed at a high 
rate. The oxygen partial pressure in the atmosphere should better be adjusted to be low, 
so that film forming can be carried out at a higher rate. However, to prepare a 
transparent film using the target of the present invention, a certain amount of oxygen or 
moisture is required which will be a source for supplying oxygen into the sputtering 
atmosphere. 

However, when the target of the present invention is employed, the 
amount of oxygen required to obtain a transparent film, is sufficient with the moisture or 
oxygen remaining in the sputtering apparatus without being removed by a vacuum 
pump. Accordingly, when the target of the present invention is employed, a sufficiently 
transparent film can be obtained by using only argon gas as the gas supplied. 

Further, in a case where a sputtering apparatus of a continuous system 
suitable for mass production is employed such that a plate glass as a substrate is 



continuously supplied through an air lock chamber for film forming, the necessary 
oxygen or moisture is supplied through the air lock chamber, and a transparent film can 
be obtain even if the introduced gas is composed solely of argon. Accordingly, by 
employing the target of the present invention, it is possible to introduce no oxygen or a 
very small amount of oxygen gas required for reactive sputtering into the sputtering 
atmosphere, whereby a high film-forming rate can be realized as compared with reactive 
sputtering employing a conventional Ti target. 

The target of the present invention has electrical conductivity, whereby 
film forming can be carried out by a DC sputtering method, and a uniform transparent 
high refractive index film over a large area can be formed at a high rate. Of course, with 
the target of the present invention, film forming can be carried out by means of a RF 
(radio frequency) sputtering apparatus. 

The resistivity at room temperature of the target of the present invention 
is preferably at most 10 Qcra, so that the discharge during sputtering can be carried out 
constantly. If the resistivity is larger than 10 Ocm, the discharge tends to be instable, 
such being undesirable. In the target of titanium oxide (TiO x : 1<X < 2), the oxygen 
content in the target (sintered compact) is preferably at least 35 wt%. If the oxygen 
content is smaller than 35 wt%, it will be necessary to increase the oxygen partial 
pressure in the atmosphere in order to prepare a transparent film, whereby the film- 
forming rate tends to decrease, such being undesirable. 

In the target of the present invention, by adding less than 50 wt% of a 
metal oxide other than titanium, to the above titanium oxide, it is possible to improve the 
quality of the film such as a refractive index or mechanical or chemical properties while 
maintaining the high film-forming rate. 

Especially, an oxide of chromium, cerium, zirconium, yttrium, niobium 
or tantalum has a relatively high refractive index, and the film-forming rate is relatively 
high. Accordingly, by adding an oxide of of such element, a higher film forming rate can 
be obtained while maintaining a high refractive index. Further, by adding an oxide of 



silicon, aluminum or boron, it is possible to increase the mechanical strength of the 
target, and accordingly, a higher electric power can be applied during sputtering, and a 
substantially higher rate of film forming can be realized. 

The target of the present invention can be prepared, for example, as 
follows. For example, in the case of a titanium oxide target, a titanium dioxide power is 
hot pressed (pressed at a high temperature under high pressure) for sintering, whereby 
the target of the present invention can be formed. In such a case, the particle size of the 
powder is preferably from 0.05 urn to 40 urn. Further, the atmosphere for the hot pressing 
is a non-oxidizing atmosphere, and argou or nitrogen is preferred, since the oxygen 
content in the target can thereby be adjusted. Further, hydrogen may be added to the 
argon or nitrogen. 

The conditions for the hot pressing are not particularly limited. However, the 
temperature is preferably from 1,000 to 1,300°C, particularly preferably from 1,150 to 
1,200°C. The pressure is preferably from 50 to 100 kg/cm 2 . 

Further, for example, in the case of a titanium oxide target containing 
chromium, a chromium oxide powder and a titanium oxide powder are mixed, for 
example, by a ball mill to prepare a powder mixture.which is hot pressed in the same 
manner as described above, to obtain a target of the present invention. The target should 
better be metal-bonded to a backing plate made of copper, so that it will not undergo 
cracking or the like during the sputtering. 
EFFECT : 

The target of the present invention is composed of an oxide, whereby a 
transparent film can be formed even when an oxygen gas required for reactive sputtering 
may not be introduced or may be introduced in a very small amount into the sputtering 
atmosphere. Accordingly, it is believed that deposition on the target surface of oxygen 
atoms, which is considered to be a factor for decreasing the film forming rate, can be 
minimized, whereby the film-forming rate can be increased. 



Further, by the sintering in an atmosphere in which the oxygen partial 
pressure is very low, transfer of oxygen from the oxide to the atmosphere takes place, and 
as a result, an oxide sintered compact having oxygen deficiency can be obtained. By 
virtue of the structure having such oxygen deficiency, the sintered compact has electrical 
conductivity even if it is an oxide, whereby a DC sputtering method can be used which is 
capable of forming a film over a large area. 
EXAMPLES 
Examples 1 to 7 

A commercially available highly pure Ti0 2 powder was filled into a hot 
press mold made of carbon and subjected to hot pressing in an argon atmosphere at from 
1,100°C to 1,400°C for one hour. The hot pressing pressure at that time was 50 kg/cm 2 . 
The density and the resistivity of the obtained sintered compact were measured. Further, 
the obtained sintered compact was pulverized in an agate mortor and heated in air to 
1,100°C, whereby the weight increase was measured. On the assumption that after the 
heating in air, the powder is in the form of completely oxidized Ti0 2> the amount of 
oxygen in the sintered compact after hot pressing, was determined from the weight 
increase. These results are shown in Table 1. 
Examples 8 to 11 and Comparative Examples 1 and 2 

Further, a sintered compact hot pressed at 1,200°C, was mechanically 
processed to a dimension of 6 inches in diameter and 5 mm in thickness to obtain a target. 
The target was used as bonded to a backing plate made of copper by a metal bond. 
Then, this target was mounted on a magnetron sputtering apparatus, and formation of a 
Ti0 2 film was carried out. The conditions at that time were such that the supplied power: 
DC lkw, the back pressure: 1 x 10" 6 Torr, and the sputtering pressure: 2 X 10" 3 Torr. As 
the sputtering gas, argon or a gas mixture of argon and oxygen, was used. As the 
substrate, soda lime glass was employed. Further, no intentional heating was applied to 
the substrate. The sputtering was carried out so that the film thickness became about 



XOO nm. The discharge during the sputtering was extremely stable, and film forming was 
carried out constantly even by the DC sputtering. 

After the film formation, the film thickness was measured by means of a 
tracer type film thickness measuring apparatus. Further, the refractive index of the film 
was measured by an ellipsometer. Here, the wavelength of light employed was 633 nm. 
The film forming rate and the refractive index of the film are shown in a Table 2. 
Further, all the obtained films were transparent, and there was no light absorption by the 
films. 

In Table 2, Comparative Examples are used in which film forming by 
sputtering was carried out in the same manner by wring a common metal Ti target and a 
titanium monoxide (TiO) target. However, at that time, a gas mixture of argon and 
oxygen, was used as the sputtering gas, and the proportion of oxygen was from 20 to 30 
vol%. In the case of the Ti target, when the oxygen was lower than 30%, the resulting 
film became absorptive, and in order to obtain a transparent film, oxygen was required to 
be at least 30%. Further, in the case of the TiO target, if oxygen was lower than 20%, the 
film became absorptive, and in order to obtain a transparent film, oxygen was required to 
be at least 20%. Accordingly, sputtering was carried out by selecting an oxygen content of 
30% where the film-forming rate is highest in the case of the Ti target or an oxygen 
content of 20% where the film forming rate is highest in the case of a TiO target, and 
where the transparent film can be obtained. 

As evident from the results of Tables 1 and 2, by using the targets of the 
present invention, transparent Ti0 2 films having high refractive indices were formed at 
high rates. 
Examples 12 to 16 

A commercially available highly pure Ti0 2 powder and, as an additive, a 
Cr 2 O a powder, a Ce0 2 powder, or a Nb 2 0 5 powder, were prepared, and the additive and 
the Ti0 2 powder were mixed in a ball mill so that the Cr 2 0 3 powder, the Ce0 2 powder or 
the Nb 2 O s powder became 20 wt%, or an A€ 2 O s powder or a Si0 2 powder became 5 wt%. 



These three types of powder mixtures were filled into hot pressing molds made of carbon 
and subjected to hot pressing in an argon atmosphere at 1,200°C for one hour. The 
pressing pressure at that time was 50 kg/cm 2 . The densities and the resistivities of the 
obtained sintered compacts were measured. The results are shown in Table 3. 

Further, each sintered compact was mechanically processed into a 
dimension of 6 inches in diameter and 5 mm in thickness to obtain a target. The target 
was used as bonded to a backing plate made of copper by metal bond. Further, a part of 
each of the sintered compacts constituting these targets, was subjected to acid dissolution 
or alkali fusion to prepare an aqueous solution, whereby the composition of the sintered 
compact was analyzed by ICP apparatus. As a result, it was confirmed that the 
composition of the charged mixture agrees substantially to the composition of the 
sintered compact. 
Examples 17 to 31 

Then, this target was mounted on a magnetron sputtering apparatus, 
and formation of a Ti0 2 film was carried out. The conditions at that time were such that 
the applied power DC lkW, back pressure: 1 X lfr 5 Torr, and the sputtering pressure: 
2 x 10- 3 Torr. As the sputtering gas, argon or a gas mixture of argon and oxygen was used. 
As the substrate, soda lime glass was used. Further, no intentional heating was applied 
to the substrate. The sputtering was carried out so that the film thickness became about 
100 nm. The discharge was stable even during the sputtering, and film formation was 
carried out constantly even by the DC sputtering. After the film formation, the film 
thickness was measured by a tracer type film thickness measuring apparatus. Further, 
the refractive index was measured by means of an ellipsometer. The film forming rate 
and the refractive index of the film are shown in Table 4. Further, all the obtained films 
were transparent, and there was no light absorption by the film9. 
As is evident from the results of Tables 3 and 4, transparent TiO a films were formed at 
high rates by employing the targets of the present invention. 



Table 1 



Example 
No. 


Hot pressing 
<°© 


Density of 
sintered 
compact (g/cc) 


Resistivity of 
sintered 
compact 
(Ocm) 


Oxygen 
content of 
sintered 

compact 

1 1 hi fir ^ 


1 


1100 


3.90 


0.35 


39.9 


2 


1150 


4.01 


0.24 


39.9 


3 


1200 


4.10 


0.15 


39.8 


4 


1250 


4.12 


0.14 


39.5 


5 


1300 


4.14 


0.12 


39.0 


6 


1350 


4.17 


0.12 


38.5 


7 


1400 


4.17 


0.12 


38.0 



Table 2 





Target 


Oxygen 
content in the 
sputtering gas 
(%) 


Film-forming 
rate (nm/min) 


Refractive 
index 


Example 8 


TiO x 


0 


50 


2.4 


Example 9 


TiO x 


10 


25 


2.4 


Example 10 


TiO, 


20 


20 


2.4 


Example 11 


TiO x 


30 


10 


2.4 


Comparative 
Example 1 


Ti 


30 


6 


2.4 


Comparative 
Example 2 


TiO 


20 


7 


2.4 



Table 3 



Examtile 
No. 


Additive 


Amount of 
additive 
(wt%) 


Density of 
sintered 
compact (g/cc) 


Resistivity of 
sintered 
compact 
\\2jcnx) 


12 


c*A 


20 


4.40 


0.53 


IS 


Ce0 2 


20 


4.45 


0.65 


14 


Nb 2 0 5 


20 


4.38 


0.37 


15 


A* 2 0 3 


5 


4.05 


0.20 


16 


Si0 2 


5 


4.08 


0.18 



Table 4 





Target 


Film 






Additive 


Amount of 
additive 
(wt%) 


Oxygen content 
in sputtering 
gas (9b) 


Film forming 
rate (nm/min) 


Refractive 
index 


17 


Cr 2 0 3 


20 


0 


ou 


2.4 


18 


Cr 2 0 3 


20 


10 


OU 


2.4 


19 


Cr z 0 3 


20 


OA 

20 




2.4 


20 


Ce0 2 


20 


0 


EC 

DO 


2.4 


21 


Ce0 2 


20 


10 




2.4 


22 


Ce0 2 


20 


20 




2.4 


23 


Nb 2 O s 


20 


0 


OU 


2.4 


24 


Nb 2 O s 




10 


30 


2.4 


25 


Nb 2 O s 


20 


20 


20 


2.4 


26 




5 


0 


50 


2.4 


27 


A W 


S 


10 


25 


2.4 


28 


A* 2 0 3 


5 


20 


20 


2.4 


29 


SiQ a 


5 


0 


50 


2.4 


30 


SiO a 


5 


10 


25 


2.4 


31 


Si0 2 


5 


20 


20 


2.4 



The effects of the invention 

As is evident from the foregoing, by employing the sputtering target of 
the present invention, it is possible to form a transparent film having a high refractive 
index at a high rate by a DC sputtering method. Further, with the target of the present 
invention, the oxygen partial pressure in the sputtering atmosphere can be made low, 
whereby there will be an effect that abnormal discharge such as arcing can be minimized. 
Accordingly, by using the target of the present invention, a film having a high refractive 
index can be produced at a high rate and constantly. 



